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The difficulties of trace cadmium analysis in seawater are its low level in the samples, higher complexity of the sample matrix and losses of analyses during the sampling or/and post-sampling steps (storage and pretreatment). Therefore, a preliminary preconcentration and separation technique is necessary. The couplings of flow injection (FI) sample preconcentration systems with conventional flame atomic absorption spectrometry (FAAS) have been carried out for trace metal determinations in complex diluted samples, including a minicolumn containing a chelating resin [2] [3] [4] [5] or a solid sorbent. [6] [7] [8] In these methods, on-line minicolumn preconcentration systems using chelating resins are simpler and less time consuming than other options, allowing "in situ" sample preconcentration.
Therefore, a minicolumn field sampling (MFS) technique has been developed. It offers more advantages than manual batch procedures, i.e. better reproducibility, accuracy and efficiency, simple on-line operation, rapidity, lower consumption of sample and reagents, improvements in collection, transportion and storage of samples. [9] [10] [11] [12] [13] In this sense, for cadmium determination in seawater, a few papers have been published, which used minicolumns packed with chelite P, 9 iminodiacetate chelating resin, 12 XAD-4 loded PAN 10 or PAR. 11 Amberlite XAD-2 (styrene-divinylbenzene copolymer) is a support that was widely used to develop several chelating resins for preconcentration procedures due to its good physical and chemical properties. These include porosity, high surface area, durability, and chemical stability toward acids, bases and oxidized agents.
14 Two broad classes of methods are generally applied to preparation of chelating exchange resins. These are sorption of chelating ligand on the polymer matrix and a covalent linkage of ligand to the polymer backbone via intermediary functional groups such as -N=N-or -CH2-. The latter method based on covalent binding of suitable ligand shows better preconcentration factors, stability and resistant to external effects than those immobilized by simple impregnation. Recently, a few examples of trace elements, such as Pb, Ni and Cd, have been preconcetrated and determined by using Amberlite XAD-2 resins functionalized with pyrocatechol, 15 4,5-dihydroxy-1,3-benzenedisulfonic acid, 16 2-aminothiophenol, 2 respectively.
In the present work, Amberlite XAD-2 functionalized with dithizone (H2Dz) copolymer resin (XAD2-H2Dz) was synthesized, characterized and packed in a minicolumn that was applied to a field flow preconcentration system (FFPS) for dissolved cadmium determination in seawater samples. In the sea, the dissolved Cd (DCd) always accounts for the majority of total Cd (about 99%), whereas the particulate Cd (PCd) accounts for little. 17 That means that DCd in the seawater sample is preconcentrated and measured with our method. Some variables, such as sample pH, sample flow-rate, sorption capacity of the XAD2-H2Dz resin, volume and concentration of eluent were also investigated. Analysis of certified reference materials (GBW(E) 080040) shows good agreement with the certified value. This procedure was applied to the determination of cadmium in seawater samples from Dalian and Lianyungang.
Experimental

Apparatus
The FFPS consists of an LZ-1010 peristaltic pump (Institute of Automatic Analysis, China), fitted with a poly(vinyl chloride) tube and a 0.45 μm filter.
The FAAS measurements of metal species were performed using a Varian SpectrAA 220FS atomic absorption spectrometer with an air-acetylene flame. A Model pH S-3C pH-meter (Lida, China) was used for the pH adjustments. IR spectra (4000 -400 cm -1 ) were recorded on Nicolet Magana 560 FT-IR spectrometer. Thermogravimetric analysis was carried out on a Dupont 2100 thermal analyzer (Delaware, USA).
Reagents and solutions
All chemicals were analytical-reagent grade. A standard stock solution (1000 μg mL -1 ) of cadmium was from the National Research Center for Certified Reference Materials. The working solutions were prepared daily by further dilution with doubly distilled water. The pH was adjusted with the Na2HPO4 and KH2PO4 for pH 3.0 -10.0. Amberlite XAD-2 resin (surface area 330 m 2 g -1 , pore diameter 9 nm and bead size 20 -60 mesh) was obtained from Aldrich (Milwaukee, USA). Before use, it was thoroughly washed successively with 4 mol L -1 HNO3 and 1 mol L -1 NaOH. It was made free from alkali by washing with double distilled water and washed finally with a small amount of methanol. It was dried before practical use. The certified reference materials were GBW(E) 080040 (seawater) from the Second Oceanography Institute of China.
Synthesis and characterization of XAD2-H2Dz
XAD2-H2Dz sorbent (resin) was synthesized according to the literature. 18 The reaction sequence for various stages of the preparation of the Amberlite XAD-2 resin functionalized with dithizone is shown in Fig. 1 . The IR spectrum of the modified resin Amberlite XAD2-H2Dz is compared with that of the unmodified one: there are three additional peaks. The bands at 3300, 1173, 1558 and 1456 cm -1 are ascribed to the ligand vibrations of -N=N-, -C=S-, -N=N-and -C-N-, respectively.
The TGA of the resin depicts a three-step mass loss up to 540˚C. The 4.2% mass loss up to 120˚C in the first step is due to sorbed water. In the second step, the mass loss up to 260˚C is 3.7% corresponding to a methyl group. The 63% mass loss in the third step corresponds to dithizone.
The conic minicolumn preparation
All minicolumns were laboratory-made with two inner diameters of 5.0 and 2.0 mm and a length of 20 mm; they were packed with 0.08 -0.09 g of XAD2-H2Dz resins. Both ends of the column were plugged with glass wool as end cap. The column was treated with 2 mol L -1 HCl and washed thoroughly with doubly distilled water until the eluent was neutral.
Field sample preconcentration
The field sampling preconcentration step is performed using the field flow preconcentration system (FFPS) depicted in Fig.  2A . The seawater sample (50 mL) was pumped at 2.5 mL min -1 through the minicolumn after on-line filtration with a 0.45 μm filter. Thus, cadmium was retained on the minicolumn and the sample matrix was sent to waste. After loading, the minicolumn was washed with doubly distilled water and the residual internal fluid was drawn off with an air stream in order to remove the washing solution. The minicolumns were disconnected from the FFPS, placed in a portable refrigerator and returned to the laboratory where they were stored in a refrigerator until the analysis was accomplished. Calibration and blank columns were prepared in the laboratory using the FFPS shown in Fig.  2A by pumping the appropriate cadmium standard solution or water at pH 8.
On-line elution and FAAS determination of cadmium
Connecting sequentially each minicolumn with FI manifold as shown in Fig. 2B , we could perform the determination of cadmium concentration.
The minicolumn was located immediately before the detector to obtain minimum eluent dispersion. The analysis procedure is based on injection of 200 μL of eluent (3 mol L -1 nitric acid) into a carrier (water pumped at a flow-rate equal to the nebulizer aspiration flow). Thus, cadmium was released quantitatively and directly into the nebulizer of the flame atomic absorption spectrometer.
Results and Discussion
Investigation of optimum pH of preconcentration
The Cd solutions (5 mL) were adjusted to various pH values in the range 3 -9 (the value was adjusted with the Na2HPO4 and KH2PO4). The retained cadmium ions were eluted with 3 mol L -1 HNO3, and determined in the eluent by FAAS. The absorbance versus pH graph was constant over the pH range 6.8 -8.5 (Fig. 3) . As seawater is strongly buffered by the hydrogencarbonate-carbonate-carbon dioxide system at about pH 8, 19 and this pH is within the optimum sample pH range, seawater samples can be directly preconcentrated into the FFPS with no pH adjustment.
Effect of sample flow rate
The effect of sample flow rate (1 -5 mL min -1 ) on sorption of cadmium was investigated. The results show that the flow rate has more influence on the sorption of cadmium. Cadmium was absorbed quantitatively by XAD2-H2Dz resin at a flow-rare 1.0 -2.5 mL min -1 . Analytical signals decreased at flow-rate higher than 2.5 mL min -1 , as cadmium might not completely equilibrate with the resin bed in this case. Therefore, a sample 1246 ANALYTICAL SCIENCES SEPTEMBER 2006, VOL. 22 ); MC, minicolumn packed with XAD2-H2Dz resin; P, peristaltic pump; SV, switching valve; F, filter; IV, injection valve; FAAS, flame atomic absorption spectrometer (228.8 nm); DW, distilled water; W, waste.
flow rate of 2.5 mL min -1 was chosen as optimum.
The influence of the eluent
The effect of eluent (nitric acid) on cadmium desorption efficiency was investigated in the range (1.0 -4.0 mol L -1 ). The recovery for eluent concentration lower than 3.0 mol L -1 was non-quantitative. The spectrometer nebulizer would be injured by higher eluent concentration, so 3.0 mol L -1 nitric acid concentration was chosen as optimum for the eluent.
The eluting degree of cadmium loaded on XAD2-H2Dz resin was studied at different eluent flow-rate (3.0 -5.5 mL min -1 ). At flow rates (< 4.0 mL min -1 ) the analytical signal considerably decreased. This may be due to incompatibility between the elution and nebulization flow rates. An eluent flow-rate higher than 4.7 mL min -1 gave non-quantitative results. In order to decrease the analysis time, an eluent flowrate of 4.7 mL min -1 was chosen (Fig. 4) .
Interference study
Interferences from representative alkali metal ions of 1% Na + and K + , alkaline metal ions of 1% Ca 2+ and Mg 2+ , typical transition metal ions of 50 mg L -1 Mn 2+ , Fe 2+ and Zn 2+ , 5 mg L -1 Al 3+ , and 0.2 mg L -1 Cu 2+ on the preconcentration of 5 μg L -1 cadmium were examined. The results show that the presence of large amounts of foreign ions in the sample has no significant effect on the preconcentration of cadmium.
Sorption capacity and the effect of the packing quantities of XAD2-H2Dz resin
The resin capacity based on the maximum amount of cadmium is 0.74 mmol per gram of XAD2-H2Dz dry resin. Different quantities of XAD2-H2Dz resin were packed into each column, the samples were collected with fixed volume (10 μg L -1 , 5 mL) and the adsorption efficiency was measured. We found that the adsorption efficiency was basically constant and irrelative to column packing quantity, when the packing quantity of XAD2-H2Dz resin is in the range from 50 to 120 mg. The packing quantity of XAD2-H2Dz resin for a microcolumn is 80 -90 mg.
Stability of the resin
In order to establish how long the minicolumns can be stored before the detection step, stability studies at optimum conditions were conducted. Minicolumns loaded with the seawater sample were kept for 1, 7, 15 and 30 days at room temperature and at 4˚C (refrigerator). The results obtained indicates that these minicolumns containing the XAD2-H2Dz resin are stable for at least 30 days at both room and storage temperature.
Thereafter, the sorption and desorption were repeated on the same resin bead and the amount of cadmium eluted was estimated. The variation in the results obtained for each pair of such analyses is within 1.5 -3.0% for cadmium. The capacity of the resin is found to be practically constant and the sorption efficiency is not less than 97% after being used for 300 cycles.
Analytical performance of the method
Using calibration curves performed under the optimal experimental conditions, we carried out the determination for cadmium. The curves are linear in the case of the XAD2-H2Dz resin. Equations of the calibration curves obtained are the following. Sample volume, 50 mL: A = 0.0011 + 0.270C (n = 5); r = 0.999, and C = 0 -3.0 μg L -1 cadmium. Sample volume 5 mL: A = -0.0003 + 0.0272C (n = 5); r = 0.999, and C = 0 -25 μg L -1 cadmium, where A is the absorbance. The enrichment factors, calculated as the ratio between calibration graphs with and without preconcentration, were up to 416 and 42 for 50 mL and 5 mL sample volume, respectively. The detection limits were calculated as three times the standard deviation of the peak height for 11 determinations of the blank and were 6.7 ng L -1 and 68 ng L -1 for 50 mL and 5 mL sample volume, respectively. The precision of the method obtained for standard solutions containing 1 and 10 μg L -1 (n = 11) of cadmium were 1.97 and 2.62%, respectively, expressed as relative standard deviations (RSD).
Analysis of certified and real samples
The researching method was used for analysis of cadmium in seawater samples from Dalian and Lianyungang. The results obtained are shown in Table 1 . The recovery for the addition standard cadmium to seawater samples is from 97.0 to 100%, demonstrating that the proposed method can be accurately used for the determination of cadmium in seawater samples and probably also in other saline waters. Analysis with a cadmium content (mean ± S.D., n = 3) 0.97 ± 0.04 μg L -1 of certified reference materials (50 mL) GBW(E) 080040 (seawater) 20 shows good agreement with the certified values 1.00 ± 0.06 μg L -1 .
Conclusions
Amberlite XAD-2 functionalized with dithizone (H2Dz) as a 1247 ANALYTICAL SCIENCES SEPTEMBER 2006, VOL. 22 chelating sorbent was successfully used for FFPS preconcentration of cadmium in seawater. It has some advantages, such as a low detection limit 6.7 ng L -1 (3σ, n = 11), good reusability and stability (being used for at least 300 cycles), high preconcetration factor and tolerance to interferences from the matrix ions, and a superior sorption capacity (0.74 mmol of cadmium per gram of resin). [9] [10] [11] [12] Seawater samples are directly preconcentrated with no pH adjustments. The method could be successfully applied to the determination of cadmium in a certified reference materials (GBW(E) 080040) and in seawater samples from Dalian and Lianyungang, and the results are satisfactory. 
